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ln piezoelectric ceramics oj the type PbTi,_,,Zr,,O, and Pbo .• ,Sro. os 
Ti,_,,Zr,,O,, which have been doped with Cr20,, chromium concentrates 
in the intergranular phase between the prevailing crystalline grains oj 
perovskite structure. According to the respective conditions oj sintering 
the intergranular phase consists oj Pb2Cr05 or its mixture with Pb,CrOa. 

INTRODUCTION 

ln he case of piezoceramic materials based on PbTi1-xZrxO3 doping with 
mic oxide brings about an increase in temperature and time stability of 
sducer resonance frequency [l]. The materials can be utilized above all as 
ency filter resonators. The composition oř the solid solutions is selected 

- to the boundary of the tetragonal-rhombohedral phase region of the
diagram PbTiO3

-'PbZrO3 [l] and the Cr2O3 content is usually in the
of 0.2 to 0.7 percent by weight. With the aim of increasing the dielec­

• con tants the. converters the PbTi1-xOJ solid solutions are sometimes
modified by partial substitution of Pb2+ ions for strontium ions. The res'ulting
romposition can then be written as Pb 1 -SrnTiy.:':,,ZrxO3 where usuallyu < 0.1[1].

!I of the studies published so far on type PbTi1 -xZrxO3 piezoelectric
mics with chromic oxide additions deal with their physical properties.

_ -ei her composition nor structure of the individua! --phases arising in the 
course of calcination and sintering of these materials have so far been explicitly 

ermined. According to Heywang [2] the material comprises grairts of the 
material having a perovski,te structure, and an intergranular phase in 

which the doping substance becomes concentrated. • The author suggests 
ha chromium is quantitatively built in this phase. Thé intergrairnlar phase 

composition is not specified in the Heywang paper; however, in a published 
discussion ([2] p. 679) the author stated that the intergranular phase was 
found to contain PbCrO4. 

On the other hand, Uchida and Ilrnda [3] point out that the materials form 

lid solutions (1 - z) PbTi1-xZrxO3 + ; Cr2O3 up to a concentration z =

= 2.2 mol percent. The authors assume that in PbTi1-xZrxOJ solid solutions • 
chromium can be present bóth in trivalent and hexavalent form. The presence 
of Pb2CrO5 and ZrO2 was determined at high initial Cr2O3 contents. According 
o Uchida and Ikeda [3] the Pb2CrO5 compound is formed regardless of whether

e initial mixture of raw materials contains chrome in trivalent or hexavalent
,orm. 

The present paper deals with the results obtained in a study of phase 
composition of piezoceramics PbTi1-xZrxO3 and Pbo.9sSro.os Ti1 -xZrxOJ at • 
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0.4p ;:;; x ;:;; 0.5µ, doped with additions of 0:5 % by wt. of Cr2O3. Evaluation 
of the results of X-ray phase analysis and X-ray miqroanalysis has made 
use of the results by Negas [4], which include data on compounds arising in 
the system PbO-Cr2O3 at high temperatures in an oxidating atwosphere. 

. . ' ' ., ,-

EXPERIMENTAL 

The materials to be studied were prepared by the conventional ceramic 
technology from stoichiometric mixtures of the raw materials, namely PbO anal. 
pure (Spolana Neratovice, N.C.), TiO2 (lVICHZ Přerov, N.C.) ZrO2 'S-Grade' 
(BACO Chemicals, Great;Britain),'S1;QO3 A.R. (Lachema Brno N.Q.); during 
the weighingsin correction was taken for purity. The subst.ances wěte ground 
wet and homogenized together with Cr2O3 (anal. pure, Lachema Brno N.C.) 
and then cálcined at 900 °C for a périod of three hours. The niate'rial was then . 
ground and compacted into circular specimens 12 min in diameter and 2 mm 
in thiclmess. The specimens were sintered in air in platinum sheaths in PbO 
vapour atmosphere [5] at a constant temperature for a period of 1 hour. The 
sintering temperatures were in the range of 1240 to 1280 °0. The necessary PbO 
vapour tension was ,provided by introducing irito the. sheaths pf:)llets com­
pacted of material comprising PbZrO3 with exceess ZrO2. Stepped up numbers 
of these platelets, were ·used in the individua! sheaths in relati.on to thy number 
of transducers heing sintered. The spécimens were wejghed both before and 
after firing. A sydes of sintered specimens characterized by changes in weight 
due to fuing iq. the.range of -1.5 % to +5.3 % was obtained from each type 
of material prepúed. The inci-ease in weight indicates to diffusion of PbO 
from the ambient atmosphere into the,specimens. On the other. band, a 1oss 
in weight. allows to assume that , some of the PbO has v9latilized froI)l the 
specimen [ 5]. , • , , 
, The X 7.ray pl,iase analysis was carrieq out by means of the Kristall9flex 4 

Siemens appai;atus on powdered samples using K°' radiation of the copper 
�nticathode. The. values measured were recorded by the analogy method . 

. The mutual, pistribµtion of phases was followed in the, sinte.red spycimens 
by X-'ray ana!ysis ,using the.JXA-5A Jeol microanaly�er0 Chromi.um (l�m�ť;lnt 
i.n the perovskite phase was determined Sfmiquantitatively, also �t the P?i,nt� 
of its concentrated occurence; in· this determination the eJectr<;m beam was 
focµsed to its minimµm diaml3ter (1;,everal tl3nths of µm). It cá11, bé,,assurned 
th.at at. th�s .elect�·on beam diameter the, effectivl3 volume. ,analyzed ťdo,e� not 
exceed the sizes of most grains of the prevailing perovskite phase., Ii;i th� 
calculation of chromiurn ,content the intensity of th.éJ{o:1,2 line of, chromium 
ať the points ánalyzed was coáected for backgrourid and then coinparéd with 
the·line intensity of standard ·chrq_ínium metal. No other corrections were 
t��en u:it�, ac<:l�unt .in vie� of the ��Jatively .sina!l ?imensions of the analyzed
pomts �h1ch d1d not prov1de cond1_t1011Sfo1: atta!nmg.such accuracy as would 
givě groi:mds fot in�i·oduption of stich .cp'frectioni;: • • • ' • ' • 
.'•+ 

' • , : 

THE RESUL-TS AN:p TH,EIR EV,AL,JJA,TJ,O;Ň. > 

0;E'ig1 1 shows the intensity distribution.of back scattered electrons fqr Sp()_ci­
inen, AJ having the . initial oomp�)Sitiói1 of Pbo,9sSro-osTio,41Zro.s3O3 + O . .fh% 
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Cr.O:- The specimen was characterized by a weight increase of 1.7 % due to 
firing. Fig. lb, c, then shows planar distribution of chromium and zirconium 
in the same specimen. 

Figs. la, b, c indicate that the specimen was not homogeneous. Apart from 
the prevailing perovskite phase Fig. la shows minor inhomogeneities in which 
chromium is concentrated. The points appear in Fig. la in lighter colour, 
because they coritain lead in higher concentrations than the perovskite phase. 
These inhomogěúeiti: s are obviously located among the base material grains 
and thus form an intergranular phase iií.'which the doping element becomes 
ooncenti;ated._ At the six analyzed points of specin-1-en Al exhibiting a high 
chromtum content in the range of 7.2 to 9.0 % the dimensions of the analyzed 
spots ,vere satisfactory for semiquantitative detennination. 

A.t rhost of the points; 'which appear as dark areas in Fig. la, zirconium is 
pre en� in higher conce11trations .(Fig. lc). The characteristic greenish cathode 
lnmin�scence, well discernible under the microanalyzer optical microscope, ,
ind.ica(es to the presence of ZrO2 at these points. At somé points appearing as '

dark spots in Fig. la, no increased concentration of any of the elements ptesent 
„a detected. The points are probably pores. Titanium as _well as strontium 
do riotiform any marked inhomogeneities so that these elements ca,n be assumed 
o be ťmifm,mly dispersed throughout the perovskite phase. . 

In sáinples from which patt of the PbO had volatilized during the firing, 
.I-ray mici·oanalysis had also revealed a content of ZrO2 . Even these samples 
contain inhomogeneities_ in which chromium has concentrated and the lead 
c-ontent is higher than in the prevailing perovskite phase. 

Fig. ld shows intensity distribution of back scattered electrons for specimen 
A2 of the same initial composition as in the previous case. However, specimen 
A2 is characterised by an increase in weight by 5.3 % due to firing. Contrary 
to specimen Al; dark spots appearing in Fig. ld exhibíted ·no content of ZtO2 

nor any higher concentration of the elements present. These spots are therefore 
probably pores. Fig. ld also shows lighter spots, in' which chromium was 
determined insofar as their sizes allowed to carry out semiquantitative analysis 
atisfactorily. In some of these points the chrome content was in the range 

of 8.4;to 9.2 %_. However, in most of the "lighter" spots oť specimen A2 the 
chromliMm contéht was lower, namely in the range of 3.0 to 3.9 %-

X -raý diffraction diagram s of calciriate, and sintered speci men of initial com po� 
ition PbTi0 .49Zr0 .5 1O3 + 0.5 % by 'wt. Cr2O3 are shown in Fig. 2a,b. The siťi.tered 
pecirnep. em,ployed· for. a:n:�lysis was characterized by an increase in weight 

by 2.21 % due to firing. Thé·indexed diffraction lines in Fig. 2a,b can be ascribed 
to theprevailing pe;rovskite phase. However, in addition to this, Fig. 2a, b shows 
ome �ess iptensiv.e lines ťhe characteristics of which have been compared 

with �nose specified for Pb2CrO5 and Pb5CrO8 by Neg11.,s_[4]. Fig. 3 illustrates 
that both values d (interplanar. distance) and. relative line' 'intensities foi; 
Pb2CrO5 cori'espond well to those in Fig. 2a, b unless oť course these lines do 
no,t _c9inci�e with the intensive lines of the perovskite structure. Fig. 3d also 
sh�';V's:val4es d and relative line intensities for calcinate of initial compositio11 
Pbo ;95�ro -�sTi0 .47Zro .53Q3 intentionally doped with pre-prepared PbCrO4; thQ 
respective ljnes cannot be asci-ibed to the perovskite phase. According to 
Fig. 3d even this calcinate contains the compound Pb2CrO5 . 

Fig: 4 shows values d and relative line intensities which cannot be ascribed 
to ,the perovskite phase in -�pecimens having the corn:position Pbo .gsSro -os
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Ti0 .41Zro .5303 + 0.5 % Cr2O3. The specimens are characterized by a firing 
gain of + 5.3 % (specimen Bl), + 4.0 % (B2), +2.3 % (B 3) and a firing 
loss of -1.4 % (B4). Fig. 4 implies that samples Bl and B2 con.tain Pb2CrOs 
and Ph5CrO8 . The content of the latter compound is higher in sample Bl 
than in sample B2, with the content, of the former it is the other way round. 

2 

2 

z 

3 

3 

3 

I I 
I 
3 

a 

4 d 

b 

4 d 

C 

4 d 

d 

4 d 

Fig. 3. Relative difjraction line intensities and interpla'nar dia.tance values,. 
a) Pb,CrO5,
b) PbTio.49Zro.S1OJ doped with 0.5 % by wt. Cr,O,,
c) sintered specimen oj the same initial composition,
d) calcinate • Pbo. 9sSro. osTio. 41Zro. s,O, doped with PbCrO4. Difjraction lines oj the

perovskite phase have �een omitted.
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According to X0ray analysis sp!:lcimens B3, B4 contain only Pb2CrO5 ·beside
t_he pei:ovskite phase. ·. . 

• • 

• .The, chro1I}ium content determined_ semiqúantitatively in the iI1-tergranular
phase of specimen Al obviously approaches that in Pb2CrO5 which corresponds
to 9.52 °/4, The chromium content determined in most of the ana'yzed points
in specimen A2 (in the range of 3.0 to 3.9 %) is again close to tlrnt in Pb5CrO8 , 

i.e. 4.27 % . This comparison of r.esults indicates that the intergranular phase
of specimen Al consists of Pb2CrOs, that of specimen A2 of Pb2CrO5 and
PbsCrOs, 1 
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Fig. 4. Relative diffration line .intensities a'nd interplanar distance values of' PbsCrOe 
, -specime� JjJJ _to 1)4, and Pb,CrOs. ·Di,ffrac;!ion l,j,ne{J oj ťhe ,pe1·ovskite phase have

been ornitted.·
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In the case of the specimen in the prepúátion of which lead chromate was 
lised instead of Cr203 , the presence of Pb2Cr05 was again determined (Fig. 3). 
This is in agreement with the data by Negas [4] !l,ccording to which PbCr04 

decomposes at temperatures above ·753 °C in air, producing Pb2Cr05. It caii. 
therefore be assťimed thať the materials in question -cannot contain lead 
chromate in theii' intergranular phase after the c01ive11:tionally _performed 
calcination and sintering operations. Apart from Pb2Cr05 and Pb5Cr08 no 
other chromiúm compound was found in the niaterials studied. 

X-ray microanalysis was likewise employed in au attempt to determine
chromium content in the prevailing perovskite phase. yV'ith specimens Al, A2 
this content is very low, about 5 x 10-3 percent, which is at the sensitivity 
limit ofthe instrument employed. This value may also involve an error because 
the respective specimens were relatively fine-grained; the perovskite grain 
size amounted to about 3 µ.m. The experimental methods employed therefore 
do not allow to reach any ďefinite conclusion with respect to thé' solubility of 
chromium in solid solutions of the type PbTi1-xZrx03 . ij:owever, in•sofar as 
chrome dissolvés in the the perovskite phase at all, its solubility is very low 
and can be obviously neglected when assessing the relation between the com­
position of the individua! phases in the specimens studied, and the way they 
have been prepared. 

Beca use a stoichiometric mixture of Pb O, Ti02 , ZrO or Pb O, SrC03 , Ti02 , 
Zr02 was used in the preparation of all the sintered specimens, the above 
assumption allows to determine by simple calculation the amount of PbO, i.e. 
the increase in speciinen • weight during firing necessary for producing a sol�d 
solution of the required composition and attain complete bonding of chromium 
in the form of Pb2Cr05 . In the case of specimens Al, A2 this liinit amounts 
t9 2.9 % (when assuming that no chromium is lost in the course of calcination 
and sintering). This reasoning sho,vs that in the oase of specimens characterized 
by a slight increase in weight, the respective amount of PbO is not satisfactory 

• for the formation of a solid solution having the required composition. And
this is the reason why these specimens, similarly to those from which some
has volatilized in the courrn of firing, contain also Zr02 grains (Fig .. 1) beside
the perovskite phase and Pb2Cr05 ; this is in agreement with the findings on
the stability of PbTi1-xZrx03 solid solutions at high temperatures [l]. Specimens
characterized by a considerable weight increase clue to firing contain more PbO
than neCl,)Sf:lary for the formation of Pb2Cr05 and ;pf a solicl solution having,
the desirecl composition. These specimens likewise contain Pb5Cr08 ancl the
content of this compound increases with increasing weight gain dne to firing,
whereas the Pb�Ůr05 content decreases proportionally (Fig. 4).

In order to determine precisely the PbO content at which Pb5Cr08 begins
to appear in the intergranular phase it would be· necessary to know the reactions
taking part in the formation of Pb2Cr05 and Pb5Cr08 , as well as the thermo­
dynamic data for these compounds. In spite of this it has been provecl that
the changes in weight of specimens firecl in an atmosphere saturated to various
clegrees with PbO vapours are closely related to the resulting composition
of the intergranular substance.
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C ONCLUSION 

The results show that in piezoelectric ceramic materials of the type 
PbTi1-xZrxO3 doped with Cr2O3, the chromium tends to become concentrated 
in the intergranular phase between grains of the base substance of perovskite 
structure. The solubility of chromium in the perovskite phase is obviously 
very low. The conclusions of the study by Heywang [2] on the existence of 
intergranular layers in these materials thus appear more correct than the 
data by Uchida and Ikeda [3) according to which chromium is substantially 
soluble in solid solutions PbTi1-xZrxO3 . 

In contradistinction to. Heywang, however, the present study has proved 
that the intergranular phase does not contain any lead chromate. In relatioil 
to the amount of above-stoichiometric lead oxide contained in the materials 
after firing, the intergranular phase comprises either Pb2CrO5 only, or in 
addition to this also Pb5CrO8 . The presence of the latter was found in sintered 
specimens containing higher amounts of PbO. The composition of the inter­
granular phase is indicated by the changes in weight due to firing of the 
materials. 

In view of the fact .that in the materials in :9uestion the doping element is 
present �bove all in the intergranular phase one can agree with the suggestion 
by Heywang [2), according to which it is the presence of this phase which 
allows to attain a high degree of temperature and time stability of resonance 
frequency in the case of PbTi1-xZrxO3 piezoceramic materials doped with 
chromic oxide. No detailcd explanation of the relations between composition 
a:rid properties of these materials has so far been suggested, and should therefore 
be paid attention in future studies. 
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S TUDIUM FÁZOVÉHO SLOŽENÍ PIEZOELEK TRICKÉ KERAMIKY 
TYPU PbTi1-xZrxO, DOT OVANÉ CríO, 

Karel Nejezchleb, Ladislav Plocek, Stanislav Košina* 

Výzkumný ústav elektrotechnické keramiky, Hradec Králové 

*Ohemicko-technologická fakulta Slovenskej vysokej školy technickej, Bratislava

Složení piezoelektrické keramiky PbTi1_zZrxO, a Pbo, osSro, osTi1 _zZrxO, dotované 
Cr2O3 bylo sledováno rentgenovou fázovou analýzou a rentgenovou mikroanalýzou. Bylo 
prokázáno, že v těchto materiálech se mezi pí-evládajícími zrny s perovskitovou struk­
turou nachází intergranulární fáze, ve které je dotující prvek koncentrován (obr. la). 
Tato fáze se na obr. la jeví jako „světlá." Ve většině „tmavých" míst z obr. la se na­
chází ZrO2 (obr. lc). Intergranulární fáze je závislá na množství kysličníku olovnatého, 
který uvedené materiály po výpalu obsahují, a je tvofona buď jen sloučeninou Pb2CrO5 

nebo kromě ní obsahuje také Pb5CrO8 (obr. 3, 4). Na složení intergranulární fáze je 
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možno u slinutých vzorků usuzovat z váhových změn, ke kterým dochází při výpalu 
uvedených hmot. Sloučenina Pb,Cr08 byla rentgenovou fázovou analýzou prokázána 
ve.slinutých vzorcích s vyšším obsahem PbO (vzorky BI, B2 - obr. 4).

Dosažené výsledky upřesúují údaje Heywangovy [2] o existenci a složení intergranu­
Iární fáze v peizokeramických materiálech typu PbTi 1 _xZrx03 dotovaných Cr203. 

Obr. la. Rozložení intenzity odražených elektronů od plochy vzorku Al. 
Obr. lb. Plošné rozložení chrómu u vzorku Al. 
Obr. Je. Plošné 1·ozložení zirkonu u vzorku Al. 
Obr. ld. Rozložení intenzity odražených elektronů od plochy vzorku A2. 

; 

Obr. 2. Rentgenogramy kalcinátu PbTi0, 49Zr0, 5103 dotovaného 0,5 % váh. Cr203 (2a) 
a slinutého vzorku téhož výchozího složení (2b). U neindexovaných linií, které nelze 
přiřadit perovskitové fázi, jsou uvedeny hodnoty mezirovinných vzdáleností. 

Obr. 3. Relativní intenzity difrakčních linií a hodnoty mezirovinných vzdáleností; 
a) Pb2CrOs,
b) kalcinátu PbTio,49Zro,s,03 dotovaného 0,5 % váh. Cr203,
c) slinutého vzorku téhož výchozího složení,
d) kalcinátu Pb0, 9sSro, osTio, •1Zro, s303 dotovaného PbCrO •.

Difrakční linie perovskitové fáze jsou vynechány.

Obr. 4. Relativní intenzity,ct.ifrakčních linií a hodnoty mezirovinných vzdáleností Pb,CrOs, 
vzorků Bl až B4 a Pb2Cr05• 

Difrakční linie perovskitové fáze jsou vynechány. 

HCCJIE,II;OBAHHE C OCTABA <DA3 IlhE3O8JIERTPHqECROI1 
REPAMHRH PbTi1-x ZrxO3 C ,II;OBABRO11 Cr2O3 

H'.apeJI Hee3XJie6, Jla/:\IICJiáB IlJJOIJ;eH, CTaHHCJiaB H'.OllIIIHa* 

Hay1tHo-ucc.aeooaame.11,bc1.uii uHcmumym a.11,enmpomexHu1tecnoii 1.epa.1,iunu, I'paoetf Hpa.11,oae 

*ifiany.abmem xu.,iu'!ecnoil mexHo.ao2uu C.ao1Jatf1>020 no.aumexHu•iec1w20 U/{cmumyma
B pamuc.aaaa 

HccJiegoBaJICfI COCTaB rrbe3oaJÍeHTp�PICCHOH HepaMmrn PbTi1_xZrxO3 n Pbo,9sTi1-xZrxO, 
C go6aBHOH Cr2O3 C II0MOll\I,_IO perrTreH0BCl{Ol'0 cpa30BOro aHaJIH3a li perrTreH0BCKoro Mlll{p0-
aHaJIH3a. Br,mo goHa3arro, 'ITO B rrpn6ogHMOH KepaM1rne cpegrr npeo6Jiagamm:iu aepeH 
C rrepOBCHHTOBOH CTPYHTypo1"í: rraxognTCfI HHTeprparryJii!pHafI cpaaa, B HOTOpoň go6aBO'IHb!H 
K0MII0HeHT IWHl\eHTpHpyeTCfI (pne. ta). 8TOH cpa3e Ha pHCYHHe ia C00TBeTCTByeT „cBeTJiafI" 
tJ:aCTb. BOJibillHHCTBY „TCMHbIX" MeCT Ha puc. ta C00TBeTCTBYCT ZrO2 (pne. 1c). HHTep­
rpaHyJii!pHafI cpa3a B. 3HBHCHM0CTJI 0T H0JI11'1CCTBa 3aIUICll CBHHD;a, cogepmara;ei1:cf! Il0CJie 
o6mHra B npHB0AHMbIX MaTepuaJiax, 06pa3yeTCH HJIH coe,u;,rnenueM Pb2CrOs HJIH coe,u;,rne­
rrneM Pb2CrO, BMecTe c Pb,CrOs (pne. 3, 4). CocTaB nHTeprparryJii!pHOH cpa3bI y crremnuxcH 
npo6 M0IBH0 BbIB0AHTb H3 ll3MeHeHHH Beca, rrpoX0AfIIl\HX rrpn o6mare paccMaTp1rnaeMbIX 
MaTep1rnJJOB. Cyll\eCTBOBaHHC coegHHeHJifI. Pb,CrOs 6uJIO AOJ..U3aH0 C II0M0il\bIO peHTreH0B­
CH0ro cJ1a30Boro a:1rnmrna B rrpo6ax c 6oJiee BbIC0HHM cogepmanueM PbO (npo6hl Bi, B2 -
puc. 4). 

HaMu I I0JIY'ICHHT,Ie pe3yJibTaTbI YT0<JHfIJ0T ganm,re XeMBaHra [2]' OTH0CHTCJibH0 cyra;ecTB0-
Bamm H C0CTaBa HHTeprpaHyJrnpno{1 cpa3bl B Tibe30KepaMil'ICCHHX MaTepnaJiaX THna 
PbTi1_zZrxO3 c go6amwi1: Cr2O3. 

Puc. la. Ýlao6paJ1caiue IJ ompaJtceHHbix e.aeh·mpoHax npo6bt Al,
Puc. lb. OrK"- uao6paJ1ceHue npo6bt Al, 
Puc. Je. ZrK"- uao6paJ1ceHue npo6bi Al,
Puc. ld. Ý]ao6paJ1ceHue IJ ompaJtceHHbtX a.aenmpoHax npo6bt A2. 
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Puc. 2. Páuneenoapa.iMtbi i,a.11,b!fU11aina PbTio,49Zl'o,s1 Oj· c. oo6aa,;oťí, o·,5·' aecoab!X % Cr20a' 
(2a) u cnemiuHíca npo6bi moao i1ce ucxo.011020 coc11wlia (2b). Y neo6oa11a'lei-uibix . .IÍiut.nií', 
h,omo pbie 11e.11,baR coomnocwnb c nepác1!tun.oaot'í. rfidaoii, npuaoomnca 'ae.11,ii•Ha_1bi paccmoa·• 
HUl'í 1t1ei1cí)y /1/WCIWC/ll.R..AIU. • • 

Puc. 3. Om1-1ocwne.11,bHbl_e UHlnťHCUllHOC/IUl í)ugipa Jilf'UOHHbtX ,11,UHUÍt u ae.n,u•tUHbl paccnwa11ut'í 
.At,CJICOY //.ll,OC7,0ClnR.,l!U,' 
a) Pb2CrOs,
b) ,;a.11,b!funcmw PbTio,4oZro,5103 c oo6aa,wt'í 0,5 aec .. % Cr20,,
c) cnei.iu.eiica npo6bi 11w20 i1r.e ucxoo11020 cocmaaa,
cl) ,;a11,blfUHama Pbo,osSro,osTio,41Zro,s,O, c 006aa1.01'í. PbCr04. J( urfipa,;!fUOHHble
.11,u11uu nepoac,;unwaot'í rfiaabi ne npiwoo.rimc.<f,,

Puc. 4. Omnocume.n,bHb!e w-1.me11cua1-1ocmu í)ugjpa1.u,uo1111b1-x .n,unw'í u ae.n,u•iuHbl paccn/.ORftUlt 
n.n,oc,.ocmeií. Pb5Cr0a, npo6 B1-B4 u Pb2CrO,. J(urfipah,tfUOHHbie 1w11uu nepo11c1;umo-
1Joii rfiaabi 11e npu.1100.</,,nca.
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Obr. 5c. 

{ �\;

.l 

... , __ .f'·':-·" 

�-,:-.;, 

;1,··· 

0-: .  . ' 

,, 

• -

, , 

.I"' • 'ť

\ '/, I� ,t-' 

.. , .. ..-..:a-.�� 

Obr. 5d. 

Obr. 5. Sklo 4 zahřívané při teplotě 775 °0 po dobu: a - 22 h, b - 49 h, c - 73 h, d - 113 h. 
Sfé,rolitické krystaly jsou ve všech případech Zn-petalit. 

900 1000 1100 1200 

t [°C] 

Obr. 6. Intenzity charakteristických čar (rtg-difrakční analýzy) jednotlivých krystalických 
fází vylučujících se zahříváním skla 4 při uvedených teplotách po dobit 1 h s před­
běžnou nukleací na teplotě 780 °0 po dobu 80 min (objemová krystalizace); 
o - gahnit, () - willemit.
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Obr. 12c. • Obr. 12d.
Obr. 12. Vliv nukleační doby na počet vytvořených krystalku při teplotě 880 °0 a dobif 1 h.

Ni1,kleace 700 °0: a - 1,5 h, b - 3 h, c - 4,5 h, d - 6 h. Zvětšeno 37/Jx.

· •'·•··

1 -�.er.�:.t�-•: _  /�; � !

a - po dobu 20 min - (odmísení), b - po dobu 2 (krystaly Zn-petalitu).
Obr. 15. Ochlazená tavenina složení 6,5 s d1,z1wn časovou prodlevoi1, při 830 °0.

a - po dobu 10 min, b - po dobu 15 min.
Obr. 16. Ochlazená tavenina složení 6,5 s rúznou časovou prodlevou při 900 °0,




